Background-Although heart rate variability has already been studied in survivors of sudden cardiac death secondary to coronary artery disease, an assessment of heart rate variability in survivors of sudden cardiac death not associatedvwith coronary artery disease has not been made. Methods-10 patients with aborted sudden cardiac death not associated with coronary artery -disease (seven patients with primary ventricular fibrillation and three with unclassified mild cardiomyopathy) underwent two channel 24 hour Holter monitoring in a drug free state. All subjects were in sinus rhythm and had normal atrioventricular conduction and normal cardiac function. Spectral heart rate variability was analysed on a Holter analysis system and was expressed as total (0.01-1.00 Hz), low (0-04-0415 Hz) and high (0.15-0.40 Hz) frequency components for each hour. Heart rate variability index was calculated for the 24 hour periods. 10 age and sex matched healthy subjects were taken as a control group. Results-The spectral heart rate variability over 24 hours was significantly lower in survivors of sudden cardiac death than in controls (total 38(15) showed that the differences in all components of heart rate variability, low/high ratio and mean heart rate were highly significant. Furthermore, there was no significant difference in the maximum hourly heart rate variability over the 24 hour period. The minimum hourly heart rate variability was, however, significantly lower in survivors of sudden cardiac death than in controls (total, 20(8) v 28(4) ms; low, 12(6) v 17(3) ms; high, 6(2) v 8(2) ms; p < 0 05 for all comparisons). Conclusions-These findings suggest that there is abnormal autonomic influence on the heart in patients without coronary artery disease at risk of sudden cardiac death. Hourly analysis of heart rate variability throughout the 24 hour period may provide additional information important in the identification of high risk patients. (Br HeartJ 1994;71:16-21) 
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Background-Although heart rate variability has already been studied in survivors of sudden cardiac death secondary to coronary artery disease, an assessment of heart rate variability in survivors of sudden cardiac death not associatedvwith coronary artery disease has not been made. Methods-10 patients with aborted sudden cardiac death not associated with coronary artery -disease (seven patients with primary ventricular fibrillation and three with unclassified mild cardiomyopathy) underwent two channel 24 hour Holter monitoring in a drug free state. All subjects were in sinus rhythm and had normal atrioventricular conduction and normal cardiac function. Spectral heart rate variability was analysed on a Holter analysis system and was expressed as total (0.01-1.00 Hz), low (0-04-0415 Hz) and high (0.15-0.40 Hz) frequency components for each hour. Heart rate variability index was calculated for the 24 hour periods. 10 age and sex matched healthy subjects were taken as a control group. Results-The spectral heart rate variability over 24 hours was significantly lower in survivors of sudden cardiac death than in controls (total 38(15) v 48 (14) ms; low, 25 (11) showed that the differences in all components of heart rate variability, low/high ratio and mean heart rate were highly significant. Furthermore, there was no significant difference in the maximum hourly heart rate variability over the 24 hour period. The minimum hourly heart rate variability was, however, significantly lower in survivors of sudden cardiac death than in controls (total, 20(8) v 28(4) ms; low, 12(6) v 17(3) ms; high, 6(2) v 8(2) ms; p < 0 05 for all comparisons). Conclusions-These findings suggest that there is abnormal autonomic influence on the heart in patients without coronary artery disease at risk of sudden cardiac death. Hourly analysis of heart rate variability throughout the 24 hour period may provide additional information important in the identification of high risk patients. (Br HeartJ 1994; 71:16-21) Although substantial evidence shows that autonomic interventions make a large contribution to the pathophysiology of malignant ventricular tachyarrhythmias and sudden cardiac death,'-3 there are few data implicating impaired autonomic influences on the heart during normal daily activity in patients at risk of sudden cardiac death. Recently analysis of heart rate variability has provided a noninvasive measure of autonomic effects on the heart during normal daily activity. Heart rate variability has been shown to be decreased in many clinical settings." It has been reported that analysis of heart rate variability can identify patients at risk of sudden cardiac death after myocardial infarction independently of information provided by other risk factors, including clinical assessment, other ambulatory electrocardiographic variables, signal averaged electrocardiography, and left ventricular ejection fraction.9 113 Heart rate variability has been studied in survivors of sudden cardiac death secondary to coronary artery disease. Little is known, however, about heart rate variability in survivors of sudden cardiac death not associated with coronary artery disease, particularly in patients with primary ventricular fibrillation. Most previous reports are based on the heart rate variability data derived from long-term (24 hour) ambulatory electrocardiograms. Hourly heart rate variability, however, may provide more information about autonomic activity of the heart as the 24 hour values may not show profound changes in heart rate variability occurring for short periods of time. In this study, heart rate variability was therefore analysed hourly in survivors of sudden cardiac death not associated with coronary artery disease to obtain evidence of impaired autonomic activity on the heart and to define the role of hourly heart rate variability in the identification of patients at risk of sudden cardiac death.
Patients and methods

PATIENTS
Ten patients (seven men and three women), aged 45 (SD 16) (range 17 to 65 years), were consecutively enrolled from those who had experienced aborted sudden cardiac death. All the patients underwent full evaluations and were treated with implantable cardioverter defibrillators. ANALYSIS OF HEART RATE VARIABILITY All subjects underwent two channel (modified V5 and VI leads) 24 hour ambulatory Holter monitoring. Heart rate variability was analysed from these electrocardiograms on a Holter analysis system (Marquette Series 8000). After classification of QRS morphology, the longest and the shortest RR intervals on the RR interval histogram were manually confirmed until no QRS complex was mislabelled as either an artifact or an extrasystole. The largest and the smallest RR ratios on the RR ratio histogram were also visually checked to ensure all normal and abnormal QRS complexes on the ambulatory electrocardiograms were correctly labelled.
When calculating values of heart rate variability, only normal to normal intervals were included. Each interval that was to be excluded due to extrasystoles or artifacts was replaced by holding the previous coupling interval level throughout the excluded interval to the next valid coupling interval. The beat to beat fluctuations were transformed to frequency with the fast Fourier transformation and the spectral measures were computed as the square root of areas under the power spectrum. In this study, spectral heart rate variability was expressed as total (0 01-1 00 Hz), low (0 04-015 Hz) and high (0-15-0-40 Hz) frequency components for each hour. Mean heart rate was also calculated from the 24 hour Holter recordings. The QRS files were transferred to a personal computer for computation of heart rate variability index.14 The main peak of the distribution diagram of the RR interval frequency was approximated to a triangle. The height of the triangle is equal to the frequency of observation of the most common RR interval (the modal frequency) and the area of the triangle is approximately equal to the total number of RR intervals. The heart rate variability index was calculated from the length of the base of this triangle according to simple geometrical rules: heart rate variability index = total number of RR intervals / modal RR interval frequency.
STATISTICAL ANALYSIS
All data were expressed as mean (SD) except in figure 1 (SE). Student's t test was used to compare differences between groups. A p value < 0 05 was considered significant. 1  25  26  19  7  2-71  84  2  47  22  13  6  2-17  76  3  23  30  19  9  2-11  80  4  38  28  18  10  1-80  80  5  43  54  39  13  3 00  75  6  50  59  40  24  1-67  69  7  57  57  34  31  1 10  77  8  46  48  35  14  2-50  76  9  31  25  17  6  2-80  83  10  25  30  16  10  1-60  65  Mean (SD) 38 (12) 38 (15) 25 (11) 13 (8) significantly lower in survivors of sudden cardiac death than in normal controls, but the difference in the averaged values of low to high ratio, heart rate variability index, and mean heart rate did not reach significance (table 2) . There was also no significant difference in the 24 hour heart rate variability between patients with normal (six patients) and abnormal (four patients) late potentials, and between patients with cardiomyopathy and those with clinically normal hearts (table 3) . Figure 1 shows the pooled hourly heart rate variability and mean heart rate over the 24 hour period from each group. The figure shows clearly that there was a significant decrease in heart rate variability and a significant increase in mean heart rate in survivors of sudden cardiac death. This difference, however, was not evident from the data averaged from 24 hour recordings. We therefore compared the hourly heart rate variability over a 24 hour period. As expected, the differences in all frequency components of heart rate variability (total, 40 (5) v 49 (4) To gain an insight into the mechanism underlying the abnormal heart rate variability in survivors of sudden cardiac death, we compared the difference between the maximum and minimum hourly heart rate variability throughout the 24 hour period. There were 229 hours of valid data for controls and 213 hours for survivors of sudden cardiac death after exclusion of noisy segments of Holter electrocardiographic recordings. There was no significant difference in the maximum hourly heart rate variability between controls and survivors of sudden cardiac death (total, 75 (26) (fig 2) . There was also no significant difference in the SD and range (the difference between the maximum and minimum) of the hourly heart rate variability between the groups (table 4).
Results
Discussion
Recently it has been reported that heart rate variability provides important data for identifying patients at risk of sudden cardiac death after myocardial infarction.'5 Little is known, however, about heart rate variability Figure 1 (A) Total, (B . , . , . , . , ., ous studies, in which most patients had had a myocardial infarction, many had decreased cardiac function, and some were on antiarrhythmic drugs. Heart rate variability has been shown to be decreased in patients with 29 The results in this study that heart rate variability was decreased and low/high ratio was increased suggest that there may be an increased sympathetic or decreased vagal influence on the heart in survivors of sudden cardiac death. This is further supported by the increased mean heart rate in these patients. It is well known that abnormal autonomic activity plays an important part in the development of sudden cardiac death after myocardial infarction.'-3 The altered autonomic influence on the heart may also be of importance in sudden cardiac death without coronary artery disease. As mean heart rate represents the overall autonomic influence on the heart, we did not adjust for mea heart rate in this study when comparing the difference in heart rate variability although it has been shown that there is an association of heart rate variability to mean heart rate.26 30 In our study, the minimum hourly heart rate variability was significantly lower whereas the maximum hourly heart rate variability remained unchanged in survivors of sudden cardiac death compared with controls. This suggests that there is a greater reduction of heart rate variability in survivors of sudden cardiac death under some circumstances. What these circumstances are remains to be elucidated. Furthermore, it seems that there was no significant alteration in the amplitude of circadian rhythm of heart rate variability in survivors of sudden cardiac death compared with controls as the differences in the range (difference between maximum and minimum) of heart rate variability over the 24 hour period were not significant between the groups. It is worth pointing out that there was a greater number of ventricular extrasystolic complexes in the patients than in the controls although most of these patients had few ventricular extrasystoles. Frequent ventricular extrasystoles may have a notable impact on the spectral heart rate variability. This influence is, however, unlikely to be important in our study as the number of ventricular extrasystoles in either group was small compared with the total number of normal sinus beats over 24 hour recordings.
In summary, heart rate variability is depressed in patients with ventricular fibrillation not associated with coronary artery disease; our findings support the hypothesis that there is abnormal autonomic influence on the heart in patients at risk of sudden cardiac death; and hourly analysis of heart rate variability may provide additional information important in the identification of patients at high risk.
